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EXECUTIVE SUMMARY

.
~ ~~~~

Cost of Terminating Contracts Study II (COTCOS- Il) was Initiated

1 A lat the request of the Di rectorate for International Logistics , Pr ograms

JDivislon. The request was made as a resul t of concern as to whether

the progress payments being made by foreign military purchases of shop’-

sets for Army alrcra ’t were adequate to defray the cost of contract

termi nation, I.e., defray the termination liability .

A set of termination liability tables had been developed by the Air Force

and were being recommended for use throughout the DOD complex . There

was doubt , however , regarding the adequacy of these tables for foreign

mi litary transactions involving shop sets for Army aircraft. Thus , the

objectives of the study were:

1. Determining whe ther DARCOM information woul d have been adequate

for several representati ve shop-set contracts .

2. In the event DARCOM information was found to be inadequate ,

developi ng a curve va t  would provide adequate progress payments in 50

percent of the cases , i.e., an “equally likely ” curve.

The assumptions forming the basis for the study were as follows :

1. The total shop-set costs follow the same curve as the one developed

for shelters.

2. That the reporting of cumulative costs “lags ” the actual

incurrence of costs ; this reporting lag is assumed to increase linearly

until it reaches 60 days midway through the contract and to remain con-

stant thereafter for the remaining half of the contract.
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3. That a “normal ” contract is closed out 90 days after the last

delivery is made .

4. That cost incurred In a continuous function , when In reality it

Is discrete and discontinuous .

5. That the s-nail number of contracts available for analysis is

sufficient to pro s
~i le a basis for sound generalizations about future

cases .

The following conditions constrained the study :

1. A relatively small number of “clean contracts ” on which to

perform the analys is .
2. Lack of ur iformi ty ‘In the Incurrence and reporting of costs .

The s tudy resul ted in the average of “equally likely ” cost incurred

curve shown in Figure 13, page 29 and the equation for the curve shown

on page 39. The c~. ’ve for shop-sets was found to be very similar to

that previously developed for airframes , the maximum di vergence between

the two being only ~.73 percent and occurring at 45.82 percent of contract

completion.

The conclusions f m -  the study were that:

1. The AVSCO M average or “equally likely” curve of cost incurred

for shop sets fulfills the current DARCOM definition for a termination

liability curve .

2. The small difference between the aircraft and shop—set curves

makes it more desirable at present to use the aircraft curve for shop-

sets than to have two separate curves .
V
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3. A greater number of cases must be analyzed in order to render

the analysis more statisti cally sound.

The forego ing conc lu~1ons gave rise to the fol lowing recommendations :

1. That the AV S .~OM average or “equal ly likely ” curve for aircraft

be adopted for the present as the basis for reckoning the payments to be

made by FMS cus tomers who purchase shop—sets .

2. That a compu .er system be developed for using future contract-

ual reporting information to determine whether the use of di fferent

curves for shop-sets and aircraft wil l ever be necessary .
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INTRODUCT ION

Prior to 1973 the volume of foreign milita ry sales in wh ich USAAVSCOM

was i n v o l v e d  was relativel y small; the combined volume for FY 71 and

FY 72 was less than $100M . However, i n FY 73 there was a shar p inc rease

in the vol ume of fore i gn military sales (FMS); the vol ume for F? 73 was

more than five times the combined volume for FY 71 and FY 72. In antici-

pation of a cont lnu inq large volume of foreign military sales , the

Directorate for International Logistics was established.

Each FMS Case requires a schedule of payments to be made by the customer.

These payments are used to defray a percentage of those costs that were

estimated as going to be Incurred during the 90 days following receipt

of the payment. Prior to FY 73, when the dollar volume of foreign

military sales was relatively small, there was litt le concern as to

whether or not the schedule of payments was representative of the Incurr-

ed costs. But wi th the increasing dollar volume of foreign military sales ,

there has been an attendant increase In concern about the adequacy of the

payments to defray the incurred costs of a contract should it be terminated.

This schedule of payments , called termination liability payments , is

constructed by supposing that the contractor ’s incurred costs will follow

a certain profile. The amount of each payment is normally the sum of the

cost estimated to be incurred 90 days after payment and the estimated

amount that would be required to “clean-up ” the contract if it were

terminated. 
-



Howeve r, in a recent letter from the DARCOM Plans , Systems and Analysis

Office , page 2 of Incl 1 , termination liability was defined to be just

the costs estimated to be Incurred by the contracto r 90 days hence ; no

allowance is to be included for possible “clean-u p ” charges . m c i  2 of

the above letter contained a table of termination liability figures .

DARCOM MSCs were directed to use this table of values In computing

terminati on l l ab i lit i in al l sales agreements undertaken subsequent to

1 August 1976.

Prior to beginning this study Systems Analysis Offi ce had completed a

similar study for Army airc raft FMS cases . The objectives of that study

were the same as those of this study . Namely:

1. Determining whether DARCOM information would have been adequate

for several representative aircraft shop-set contracts.

2. In the event DARCOM information was found to be Inadequate ,

developing a curve that would provide adequate progress payments in

50 percent of the cases , i.e., an “equally likely ” curve.
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AS SUMPTION S

The COTCOS II ana l ysis was based upon the following assumptions :

1 . That tota l shop-set costs follow the same curve as that develop-

ed for shelters .

2. That the reporting of cumulative costs “lags ” the actual

incurrence of costs ; this reporting lag is assumed to increase linearly

unti l it reaches 60 days mi dway through the contract and to remain con-

stant thereafter for the remaining half of the contract.

3. That a “normal” contract is closed out 90 days after the last

delivery is made .

4. That cost incurred is a continuous function , when in reality it

is discrete and discontinuous .

5. That the small number of contracts available for analysis is

sufficient to provide a basis for sound generalizations about future

cases .

3



CONSTRA INTS

The COTCOS II analys is was constrained by the following considerations:

1 . A relat ive l small number of contracts on which to perform

the analysis.

2. Lack of unl~ irmity In the incurre rce and reporting of costs .
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METHODOLOG Y

The methodology for COTCOS consisted firs t of the manual extraction of

cumulative cost 1ncur~ed values with the correspondin g date through which

each cost had been &cumulated. These costs , with their respective da tes ,

were obtained from the DO 1195 forms for each contract , the standard form

for requesting progr~ s payments.

Nex t, the data were r~rmalized. This was accomplished by dividing each

value of cost incurred by the tota l contract price . Assumption number

one underla y this cal ulat ion. This assumption is warranted because the

shelter cost comprises 85 to 90 percent of the total shop-set cost. Also ,

the assumption is warranted because it never results in a deficiency of

funds , as can be show . Next, the elapsed time for each incurred cost

was divided by the total contract time . The contract time was considered

to beg in when the contract was signed , and to end 90 days after the last

delivery was made . In  order to accoun t for the time lag between the

incurren~e of a cost and its reporting, the reported elapsed time values

were adjusted based u~on assumption number two. It is in the computation

of the end point of t ’  -
~ contract that assum ption number three comes to

bear. Now , with each value of cost incurred expressed as a percent of

total contract cost a’d each corresponding date of accumulation expressed

as a percent of contract completion , the points were plotted with percent

contract completion on the abscissa and percent total contract cost on

the ordinate .

5



After the data had been plotted , a continuous curve was sketched through

the points . The curve represented a manual approximation to a curve of

best fit. Assumption number four enters at this point , for the data do

not comprise a continuous function , but rather a discrete function .

No attempt was made to correlate the delivery schedules with their

respective curves of cost incurred , because in almost all cases it was

not possible to obtain delivery schedules , and it was difficult to

obtain even dates of final delivery .

When each of the eight data sets had been plotted , and a curve had

been sketched through each data set, it was then desired to obtain a sort

of average , or “equally likely ,” curve of cost incurred ; that Is , a curve

for which the cost incurred up to any given percent of contract comple-

tion time would be equal to or greater than the cost incurred In 50 percent

of the contracts during the same percent of contract completion time . In

order to cons truct thi s “equally likely ” curve It was necessar y to make

assumption number fi ve . Next , the ordinates for the eight curves were

averaged at 10 percent intervals through a percent contract completion of

100 percent. Then a continuous curve was drawn , connecting the eleven

avera ge po i nts. -

The next step was to determine whether an analytical expression mi ght be

obtained that would provide a goad approxi mation to the “equally likely”

curve.
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It was determined that a function of the form

- BX 2
Y = A [l~e J

provides a very sati s factory approximation to the manually constructed

“equally likely” curve , just as was the case with the aircraft curve .

From the conditions of the problem that the above function must satisfy ,

ft was possible to solve for the constants “A” and “B” such that the

final function provided an almost perfect reproduction of the manually

constructed “equally likely” curve . A discussion of the fi tting of the

above function to the manual curve can be found in Appendix C.

The last part of the methodology had to do with the development and

programing of a scheme for determining the correlation between the

“equally likely ” curve and the origina l data. This was done using

standard correlation equations and programming techniques.

So far as the DARCOM data were concerned, they came with normalized

(percentage) value s for contract cost. Al so, it was discovered that by

normalizing the DARCOM data for a gi ven length contract that It was

possible to plot all sets of data on the same curve. The normalization

of the contract time values was accomplished as described 

above.7



RESULTS AND DISCU SSION

Figures 1 through 8, pages 17 through 24 show in graphica l form the

r•~.u1ts of the analysis of the eight contracts . For the purpose of

comparison , the eight AVSCOM curves are shown wi th the DOD termination

liability curves in Figure 9, page 25. It will be seen that the

contract having the greatest percent of total contract cost for any

given percent of contract completion was Composite Technology contract

number 1098 for the Couse type shelter. At the other extreme Brunswick

Corporation contract number 9213 for the MUST shelter had the l east

percent of total contract cost for any given percent of contract

completion. Container Research Corporation contract number 0605 was

second high through the fi rst 16.5 percent of contract completion ,

crossing Composite Technology contract number 0869 at the 16.5 percent

• point and remaining third hi gh thereafter. Contract number 0869 becomes

and remains second after the 16.5 percent point. Missouri Research

Laboratories contract number 0987 Is fi fth from the top through the fi rs t

18 percent of contract completion , but at this point it overtakes Missouri

Reasearch Laboratories contract number 8162 and moves into fourth place.

Number 0987 remains in fourth place through 50.5 percent of contract

completion at which point it is overtaken by Brunswick Corporation contract

number 9206; this contract remains in fourth place from the 50.5 percent

point on. Contract numbers 8162 and 0855 proved to be very interesting

cases. While number 0855 had only five points , incl uding the end points ,

it nevertheless appears that the curve of best fit through these points is

8



the DOD curve . Hence , these two curves are shown as identi ca l i n

Figure 9. The curve for number 8162 Is a little above the curve for

number 0855 (and DOD curve ) to about 55 percent of contract completion .

At this point the two curves become identical. The two curves have a

maximum di fference of only about 4 .6 percent, this difference occurring

at a contract completion value of about 28 percent. After a contract

completion value of about 42 percent , the two curves have next to the

least values of percent of contract cost for any given percent of contract

completion , curve 9213 from a Brunswick corporation contract being the

only one lower than these two. It is interesting that both 0855 and

8162 are from contracts wi th Missouri Research Laboratories.

It does not appear that any correlation is possible between the dollar

value of contracts and the rate at which they increase in percentage of

contract cost. For Composite Technology contract numbers 1098 and 0869,

the dollar value of 1098 is less than that of 0869. Yet, number 1098

increases more rapidly than 0869. The same things will be found to be

respectively true for Brunswick Corporation contract numbers 9206 and 9213.

Thus , on the basis of these two pa i rs of contracts , one might be tempted

to generalize and say that the less the dollar value of a contract for a

given contract, the more rapid the Increase in percentage of total contract

cost. However, if one attempted to apply this rule to the three contracts

of Missouri Research Laboratories , numbers 0987, 8162 and 0855, he would

find the generalization to be Invalid. 9



~eith&~:- does it appear that any c~rre1ation is possible between the

1er~th of i contract and the increase in the percent of total contract

cost. Again for Composite Technology Contract numbers 1098 and 0869,

the length or 1098 is less than thit of 0869. Yet number 1098 increases

more rapidly in percent of contract cost than does 0869. The same things

will be found to be :~ spectlvely true for Brunswi ck CorporatiOn Contract

numbers 9206 and 9213. Thus , one might again be tempted to generalize

and say that tie less the length of a contract , for a given contract price

the more rapid the increase in the percent of total contract cost. Once

aga i n , however , the generalization will be found to be violated by the

Missouri Research Laboratories contracts . It doesn ’t appear, either ,

that any relationshi p exists between the increase in percent of contract

cost and the ratio of contract cost to contract length or the Inverse

ratio,contrac t length to contrac t cos t. Thus , based upon the available

informati on , It does not appear possible to make any generalizations

about the contracts as grouped according to manufacturer , and certainl y

none can be made about the whole group of contracts. It may be that a

relationship exists between the increase in the percent of contract cost

and the time until first delivery , but not enough information Is avail-

able on fi rst del ive t-y dates to permit a test of this hypothesis.

Figure 10 , page �b shows a comparison between the DOD curve and the

graphical average or equally likely ” curve for shop sets. As was the

case wi th the “equally likely ” curve for a i rcraft, the “equally likely ”

curve for shop-sets lies above the DOD curve ; although not so far above

the DOD curves as the aircraft curve lies.
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Figure 11 , page 27 presents a comparison between the graphical “equally

likely ” curves and I ts analytical “equally likely ” approximation. The

anal ytical approximation Is excellent , yielding a correlation coefficient

of 0.97 with a standard error of 1.06. Thus,the analytical curve is wi th-

in + 1.06 percent of the graph i cal curve about 68 percent of the time and

is only about 2.5 percent lower than the graphical curve at the point of

maximum di vergence , at which is about 74 percent of contract completion.

Figure 12, page 28 shows the analytical curve plotted along with the

eight sets of contract data. The correlati on coefficient between the

curve and data is almost identical with that for the aircraft curve and

data (Reference 1 , FIgure 9 , page 25~) However , the dispersion of the

shelter data about this curve is considerably greater than was the dis-

persion of the aircra ft data about the curve developed from them. This

means that the aircraft curve has a higher confidence level than the shop-

set curve . Figure 13, page 29 presents a comparison of the “equally likely ”

shop-set curve and the “equally likely ” aircraft and DOD curves. The shop-

set curve is everywhere greater than the DOD curve , the max imum difference
being about 15.5 percent and occurring at approximately 45 percent of

contract completion. Relative to the aircraft curve , the shop-set curve

is everywhere lower. The maximum difference between these two curves has

been calculated to be 8.73 percent at a percent contract completion value

of about 46 percent.

11
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CONCLUSIONS

From a comparison of the curves shown in Figure 9, it Is evident that

th~ DOD termination liability schedule would not provide an adequate

payment schedule for Army aircraft contracts . Thus , a different payment

schedule Is required for Amy a i r c r a f t  shop set contracts than the one

recommended by DOD jr Reference 3.

Now , according to p a e 2 of Reference 3, terminatIon liability is defined

as the sum of the disbursemen ts, the cash holdback and the incurred costs .

This amounts to defining termination liability as being the sum of all of

the contractor ’s Inc ‘red costs . This being the case , the AVSCOM aver age

incurred cost curve for shop-sets fulfills the DOD definition for a

termination liabil ity curve and can be considered an ~equally likely ”

termination l iabilit - curve for Army shop-set contracts .

The curve obtained f o r  shop -sets has the same mathematical form as the

curve developed for aircraft. There are slight but insignificant

differences between t~e respective constants in the two equations , and

these di fferences accoun t for the fact that the aircraft curve is always

a little higher than ‘ne shop-set curve . Now, shop-set cases are of

relatively low dollar value , so that it would be possible to use the

aircraft curve for sh~~-set cases without charging a customer excessively.

It would also be possible to use the shop -set curve for aircraft cases

wi thout incurring too great a deficiency , If any , In funds. Since the two

4
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curves are so similar , it would be preferable to use one curve for both

types of cases rather than to propagate “another monster.” If future

cases should modify either curve substantially, it would always be

possible to begin usi g the second curve .

The results of this s tudy , in order to have greater applicability to

future cases , should -
~ modified as required by the results of future

contracts. In order ~o do this , it will be necessary to analyze future

cases as they become available for analysis. Such analysis mi ght

reveal whether or not a relationship exists between the rate at which

the normalized cost grows , and one of the other contract variables

(See pages 9 and 10 of this report).

1.3



a

RECOMMENDATIONS

Based upon the foregoing conclusions the following recomendatlons are made :

1. That the A~ ~OM aver age or “equally likely ” curve for Army air-

craft , Figure 13, be adopted as the basis for reckoning the payments to

be made by FMS custc ~rs w~o purchase shop-sets for Army type aircraft.

Because of this reco ~iendatIon no point for point comparison has been made

between values from ie “equally likely ” shop-set curve and values from

the DOD curve . Instead a comparison has been made between values from

the “equally likely ” 3i rcraft curve and values from the DOD curve . This

comparison is shown j r  Table I , pages 31 through 34.

2. That a computer system be developed for using future contractual

reporting Info rmatlor to modify the AVSCOM shop-set curve as may be

requi red to make It n”~re descriptive .

14
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APP~. NU~X 0—

‘! L P i \ A t I C ~J L~~L : , / I L C ’ 1  FOR AVERA GE OR ‘ E ( ~UA 1I .~ L I V ELY ”  CURVE

I~~I)fl c~ o~e in ‘9 ”c t i ~~r ~f the ~ .o r ’ d~~ior’ ‘0 ’ ) J r2 lly ilk’l l y ’1 (‘.uC4 ’C ShO30fl In

F1~’.~ r. 10, it w ,~’ io t .~- ~‘ ‘t t ~,e 2hape of t h e  curve  1 .3 tht’  ‘ ame as the shape

i r ~e (,)33 ’,’0 , 1l” , C C 1 b~’, :  ‘ , j  r~~~- f 4ru tion .

f, ~~~~~~ 
1~.

- ( 1 )

j f l  I ~ c It .l’v14  ‘2 ~~) I 
- si on , the I rldl’~/er ident vu ri ab le i DX ” arId the

depe ndent variable “f .” For the average curve , the Inoependent variable is

percent cont r~ict compl etion and the dependent variab .e percent contract cost.

Consequent lj , 3,Ié shall .3110w

X - pe . cot contract completion

V — percent contract cost

Since percent contract completion and percent contract cost must be positive ,

the fol1 ’..~sin g ui scu ssio o will only consider positive values of “X” and “Y .”

f rom Figure 10 it w i l l  ~ e seen that two of the points throuqh which the

,3VeOa()f: curve goes are the (u,0) 3rd the (100,100) points. The first point

i r id icat os t hat no c u n t ’ 3 c t  costs are incurred at the time the contract begins ,

The second point ird - icates that all of the contract costs must have been

i’icu rred when a contract ha~ been comp leted. Subst i tut in q

x~~ 0

into equation (1) we find that

Y = 0
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also . T HUS. ‘h who-b famil y ~~f c’i’~”es ,1e~cr ibed by r-o~ 1tior. (1) goes t r1(,~ ,-~r

t1 c (C,fl) 11 0 1 f l t , ‘r~i it is r.r- t nece’,sary to choose any certain values of

t h e  cons tan 1-’~ . “A ” dr , ‘0’ in o ’ -ter tc ~‘ t the  e q u a t i o n  ~ r”euq r ~ the (0 ,0)

p,.ii ,,t 
~in ’~ it ~~~~~~ r t ~~~~~ 

-
~ 

t(, so 1 4  ~or  either ,,‘itI ’..dflt in order to

o~a ke t . h.’ - ,~
,, ‘tl on qo ‘ - rough th e  (0,0) point , there d r e  s~ i 1 l  two undeter-

rn~ned con . ,t on ts and e- - it ) irn ( ; )  u~y he f it thro oqh two c i ddj t j 0~àl points

on the graphical ly ‘~~ Y .cIj rt I’d ,iverage curve. Thus , equation (1 ) w Il l  pass

throuqr . a tot a l of the” e of the points on the graphical curve.

For the two add itiona ’ points , we choose “X” va lues of 50 and 100 percent;

the corresponding “V’ -‘alues are 60.3 and 100 percent , respectively.

The next step is solvi ’ .-i equation (1)  for “B. ” Dividing both sides by “A”

yields
p

V 1-e ”

Addin g negative one to ‘ ,r, th sides of equation (2) gives

V - 1 ~~~~~

If equation ( 
~
) is mu lt ,~,lie:i by neqative one , the result is

1 - v = e~~
2

~
. (4)

If th~ nut’ 4~ il 1l ,qal 1 t . ’~r 3 of both si’ie~ of equation (4) is taken ,

In  [‘
~ 

r

~]~ 

-BX (5)

is ob taircd .
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Subst ituting the poi rt values (50.0 , 69. 5 ) and (100.0 , 100.0) into r o u 4 t j o n (5)

gives the two equations

~ ; [ — ~
6
~.i1 .3 (50.0)2

ana (6-a)

LN - ~Jfl
cj = -B (100.0)2

or 

LN - -2 ,500B
(6-b)

and

LI - -l0 ,000B

Solving t h ~ t~ o equat i )I s for “B~’ and then setting them equal , yields

-
‘ LN [ - lOO .0~ = 4LN - .

~R.L~
i
_J (7 )

Eq. (7) cannot be solved by standard algebraic techniques , so it is necessary

to employ an i terative technique. Solving equation (7) iterativel y gives

A = 103.’)597

rhe corresponding value of “B” is obtained by substituting the above value

of “A” Into either of ~quations (6-b). This yields

B = ‘~.5170xlO ”4

In order to make equation ( 1) more conven ient for use , we round off the value

of “A” so that

A = 103

This gives a corresponding value of

B 3.5362xl0 4
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Subst ituting the “A” and “B” values into equation (1) g1ve~ a res~lt of

Y 103 L~~
J.0003536

~~ (8)

A ~C\”~ u’ 1~,Ofl !l tW Cei ’  t ne a v o I d — I c  curve and the p~ c~t of equation (8) is sr ;okm

in Figure 1’s . It will seen that the plot of equation (8) provides an

exc~l1ent approximatic r, to the average curve.
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